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Objectives
.
This study was conducted to determine the yield of
transaophagealechorardlegraphk godless In acomceutive series
of patients with stroke and transient lsehemk attackk with and
nilhout carotid stenm4, and to etimate the recurrent stroke risk
associated with specific echaardiagraphic andip.
Background. Tranoesapaageal ecboardIW%phy has a high
yield for IdeutIBcation of potential sources of cardiac emhalem In
patients with cerebral tachemta; however, the clinical sipffeauce
of the most commonly detected abnormaltes b anurtalu .
Methods. We evaluated 145 comecativdy admitted patients
with stroke or transient tsehemk attack with both Mmemphageal
eclacardtogaphy and carotid alhweoand . Patients were followed
up prospectively for a men duration of 18 months to document
the rate of recurrent cerebral bohemia .
Results. Trausesophagal ahaeacdlography detected at head
Stroke is the third leading cause of death in the United
States, with >500,000 events annually (1,2). Stroke regis-
tries suggest that up to 22% to 39% of strokes are caused by
cardiac emboli (3-7). However, determination of stroke
etiology is often difficult because both cardiac and cerebra-
vascular disease coexist in a substantial percent of patients
(3-10).
Recent studies indicate that transesophageat echocardi-
ography is much more sensitive than the transthoracic
approach for identification of cardiac abnormalities in pa-
tients with stroke (11-21). However, the most common
transesophageally detected abnormalities (atrial septet aneu-
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one potential cardiac source of embolism to 459E of the patients .
Atdal septal aneurysm and IataatrW shunt were detected more
fregmatiy In patients who did not have a signtgant carotid
stnosis that could account for their Bchemk event . Daring
fallow-up, a higher rate of recurrent stroke or transient bebemk
attack
occurred t patients with positive l ramemphegeal ecloeur.
diographk findings, particularly strut sell aneagsm, hate .
meW shunt and left scent thrombus.
Ceadnsbnr. That data support rental studies that sagged
that Atrial aeptat taearysm and Iafasuhll shunts may be ∎
dgNBaal source of ardleembelk stroke . Farther studies are
n eded to clarify the optimal aundemat of patients with these
abaoesWtia.
(J Am
Cop Cai6ot 1991;23:1s98-693)
rysms, interatrial shunts and spontaneous echocardiogtaphic
contrast) are of unclear clinical significance (15,22-34)
.
Therefore, there has been uncertainty with regard to the role
of tansesophagal echocardiography in the evaluation of
patients with cerebral ischemiu,
Previous studies of transesophageal imaging in stroke
patients (13.17-22) have been limited by a number of factors .
Most important, none of these studies followed patients
prospectively to determine whethe• transesophageally de-
tected abnormalities were associated with a higher rate of
recurrent stroke or transient ischemic attack. Additionally,
all of the studies were conducted in selected groups of stroke
patients, and most excluded patients with significant carotid
disease or other apparent explanations for cerebral ischemia .
Finally, technical variations, such as inconsistent use of
contrast agent ituection during echocardiography, make it
difficult to generalize the results of these studies (16) . There-
fore, the true prevalence and embolic potential of the find-
ings described are unclear .
Given these considerations, this study was designed for
two purposes : 1) to establish the prevalence of potential
cardiovascular embolic sources detected by transesophageal
imaging and carotid duplex scanning in a consecutive series
of unselected patients with stroke or transient ischemic
attacks, and 2) to obtain tong-terns follow-up to assess the
0735-10979as7.00
JACC Vol . 23. No. 7
June 1993a595-503
	
TRANSESOPHAGEAL ECHOCARDIOGRAPHY IN CEREBRAL ISCHEMIA
late of recurrent ischemic events associated with each of the
prospectively identified trmnsesophageal findings .
We hypothesized that clinically significant transesopha-
geal findings would occur more freyaently in patients with
carotid distribution strokes who did not have significant
ipsilateral carotid stenosis
. Furthermore, we hypothesized
that clinically significant transesophageal findings would be
associated with a higher rate of recurrent ischemic events .
This report describes the study patients and results at a mean
follow-up duration of 18 months from enrollment .
Methods
Patients. All patients with acute stroke
of
transient isch-
emic attack presenting to the Stanford-affiliated county and
Department of Veterans Affairs hospitals (together serving a
population base >one million people) between January 1990
and October 1991 were evaluated by a neurologist for entry
into the study . Patients with int acranial hemorrhage, death
within the 1st 24 h of admission, critical illness precluding
cardiac and neurologic studies or a mechanical obstruction
preventing passage of the tmmnsesophageal transducer were
excluded . Human Subjects Committee approval and in-
formed consent were obtained .
All study patients received a comprehensive medical and
neurologic evaluation, as well as a duplex (B-mode and
Doppler) carotid study, brain imaging and tmnsesophageal
echocardiography .
Neurologic evaluation . Brain imaging (computed tomog-
raphy or magnetic resonance scanning) to exclude intrace-
rebral hemorrhage or tumor was performed at the time of
admission . Admission neurologic examinations were per-
formed by neurology house staff and confirmed by the
attending neurologist.
Ultrasound examinations. All ultrasound examinations
were performed with a commercially available ultrasound
unit (Acuson 128 or 128 XPi 10). A hemodynamically signd-
icant carotid stenosis was defined as a duplex scan-detected
lesion producing at least 50% vessel narrowing (35). Defin-
ing criteria for a50% stenosis was a peak systolic velocity
>1 .24 mls . For total occlusion, a low velocity undulating
spectral waveform throughout the cardiac cycle was re-
quired (36). The vertebral arteries were not routinely exam-
ined .
Echocordlographle criteria. The following echocardio-
graphic findings were defined prospectively as potential
cardiac sources of embolism : atrial appendage or left atrial
cavity thrombus, spontaneous echocardiographic contrast,
atria) septa) aneurysm, interatrial shunting (patent foramen
ovale or atria) septa) defect), ventricular aneurysm, ventric-
ular thrombus, myxomatous Initial valve and protruding
atherosclerotic plaque in the ascending aorta or transverse
aortic arch. Because protruding aortic plaque was reported
to be associated with stroke after the initial 94 patients had
been enrolled in the study (37), the acrta was systematically
examined in the remaining 51 patients .
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We defined atria) thrombus as a discrete echocardio-
graphically dense mass within the body of the atrium or the
appendage, distinct from and with a different echocardio-
graphic density than the adjacent endothelium. Spontaneous
echocardiographic contrast has the appearance of "smoke"
(24,34) . Additionally, to avoid confusion with gain-related
acoustic artifacts, we required the appearance of a streaming
effect of the low intensity acoustic reflectors (red blood
cells)
. This would have a pattern of loosely organized or
aggregated particles moving with low velocity in complex
helical patterns in the atriat cavity and appendage and was
visualized with the usual gain settings
. Ventricular thrombus
was defined as a discrete echocardiographically dense mass
located in an area of abnormal wall motion, as seen in at least
two views
. An atria) septa) aneurysm was defined as a
thinwaited segment of the interatrial septum in the region of
the fossa ovalis that moves freely from the right to left atrium
with a minimal 1
.5-cm excursion on a 1 .5-cm base (38)
.
Agitated saline contrast medium injections were per-
formed in all patients to detect intracardiac shunt . A shunt
study was considered positive if echocardiographic contrast
bubbles were detected in the left atrial cavity within 3 beats
of opacification of the right atrium, Investigation for intra-
cardiac shunting was performed in all patients during normal
respiration and in response to the Valsalvn maneuver .
Follow-up. Follow-up was performed by chart review
between July 1992 and October 1992 by an experienced
nurse in consultation with an attending neurologist . Follow-up
was obtained in 139 (96%) of the original 145 patients in the
study. only confirmed diagnoses of stroke or transient
ischemic attack were included as positive recurrent events .
Stroke was defined as an ischemic neurologic deficit present
?24 h and transient ischemic attack as a similar deficit
present <24 h, Average follow-up time was 18 months (range
I to 30) .
Statistical analysis . For the initial cohort data, the rela-
tive risk (RR) with the corresponding test-based 95% confi-
dence interval (95% CD was calculated for each transesoph-
ageal echocardiographic finding
. Tests of significance were
performed using the Fisher exact test . Follow-up data were
analyzed using a person-years analysis method with the
Fisher exact test mid-p values . The level of significance for
testing all null hypotheses was a two-tailed p value < 0
.05.
Results
Of 191 consecutive patients admitted during the study
period with the diagnosis of a new ischemic neurologic
event, 46 were excluded: The transesophageal probe could
not be passed in 8 patients ; 8 had inadequate carotid exam-
inations : and 30 were critically or terminally ill
. Thus, 145
patients were included in the analysis (mean age 61 years,
range 17 to 85 ; 59% men) (Table I) . Twelve percent of
patients had atria[ fibrillation, and 3% had prosthetic heart
valves. The anterior (carotid) circulation was involved in the
majority of ischemic events (70%) : 16% were posterior
1600
Table 1
. Clinical Characteristics of Transesophageal
Echocardiographic Findings in 145 Study Patients
TEE - Innresophageal echocmdiographic .
circulation events, and 14% were of uncertain vascular
distribution . Significant carotid stenosis was present in 17%
of the total group, and 14% had significant carotid stenosis
ipsilaleral to their ischemic event
.
Transesophagea)ecbocardlograpbkfindlngs . Transesoph-
ageally detected abnormalities were present in 45% of pa.
tients . Atria) septa) aneurysm
(21%),
interatrial shunt (23%)
and spontaneous echocardiographic contrast (76%) were the
most prevalent findings (Table I) . Multiple transesophageal
findings were present in 45% of patients . Patients with aerial
fibrillation were four times as likely to have spontaneous
echocardiographic contrast as patients without atria] fibril-
lation (RR 3.95,9517o CI 1 .13 to 13 .77, p = 0.002). Two of the
four left atria) thrombi were present in patients with normal
sinus rhythm .
The aorta was systematically examined in the last 51
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consecutive subjects
. No statistical testing of these data was
performed . There were 5 ascending aorta plaques, 19 in the
descending aorta and I present in the transverse arch .
Morphologically, five protruding plaques were detected : two
in the ascending, four in the descending and one in the
transverse arch (one patient had a protruding plaque in all
three locations).
As defined by the study hypothesis, only the 101 patients
with definite carotid circulation involvement were selected
to test the association of transesophageal imaging findings
and ipsilateral carotid stenosis. At least one transesophage-
ally detected abnormality was present in 46% of the patients
with <50% ipsilateral carotid stenosis compared with 33% of
those with >_SO% ipsilateral carotid stenosis (RR 1 .39, 95%
Cl 0.51 to 3 .81, p = 0.331) (see fig. 1). Twenty-four percent
of the <50% ipsilateral carotid stenosis group had an atria]
septa] aneurysm, compared to 5%a of those with w50%
ipsilateral carotid stenosis (RR 4 .99, 95% CI 0 .63 to 39.68,
p = 0 .066) . The trend of increased occurrence of transesoph-
ageal findings in patients with <50% ipsilateral carotid
stenosis was also observed in patients with interatrial shunt
(RR 2 .23. 95% Cl 0.47 to 10.53, p = 0 .348) and in those with
both interatrial shunt and aerial septa] aneurysm (RR 3.53,
95% Cl 0.43 to 28.98, p = 0 .282) . No significant differences
or trends were noted for the other transesophageal findings .
Follow-up data. Of the 139 patients with follow-up data,
18 (13%) had a recurrent cerebral ischendc event, l l3 had no
recurrent events, and 8 died. Of the recurrent events . 12
were strokes, and 6 were transient ischemic attacks . Six of
the strokes were carotid circulation infarctions (two of these
had hemorrhagic transformation); four strokes were in the
posterior circulation (one with hemorrhagic transformation) ;
and two were of uncertain vascular distribution . In only one
patient was this event ipsilateral to a high grade carotid
stenosis ; this patient subsequently underwent carotid endar-
terectomy. Furthermore, 3 of the 18 patients with recurrent
events had a second recurrent event (one transient ischemic
attack, four strokes). Only the initial events were analyzed in
these patients . No statistically significant associations be-
tween known risk factors (gender, hypertension, smoking,
Flare 1. Prevalence of transesophageal
echocardiographic (TEE) aboormalifies in pa .
tients with carotid circulation events (i.e.,
snake, or transient ischemic attack occurring
in the distribution of the carotid arteries)
.
according to degree of ipsilaleral carotid ste-
nosis (grad bers. <50%
:
open bus. >50%)
.
ASA = aerial septd aneurysm; IAS
-
inter-
atrid shunting detected by transesophageal
imaging using saline contrast medium in-
jection through a peripheral intravenous line
at baseline or with the Valsalva maneuver :
SEC = spontaneous echocardiog ophic con .
uuynan a Bast in the left atrium or ventricle, detected
by transesophageal imaging
; LAT = left atrial
thrombus.
Clinical Characteristics No. (%)
M- .8, (Y')
61
Range
171.55
Male
8609)
Atrial fibNluiion 1902)
030% carmid stenosis
25117)
Diabetes mellitus 50051
Congetive heap failure 16(11)
Previous myocardial infarction
2809)
Hypertension
95(66)
Smoking history 82157)
Any cardiac disease 93 (64)
TEE Findings No (%)
Aerial septa] aneurysm 31(21)
Intetavial shunt 33 (23)
Spontaneous echocardiogmphic contrast 2306)
Lea atria) Ihrombus 413)
Left ventricular thrombus 2(1)
Left ventricular aneurysm 2(l)
Myaomatous initial valve 3(2)
Any positive TEE result 65(45)
JACC VoL . 23. No . 7
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Table 2 .
Clinical Characteristics of and Stroke Risk Factors in
Patients With Recurrent Stroke or Transient lschemic Attack
'
Fisher enact test, two-tailed p value .
HTN = hypertension: Previous
MI = myocardial infarction present before enrollment in study
: TIA =
transient ischemic attack .
diabetes, cardiac history, previous myocardial infarction)
and occurrence of recurrent event were found (Table 2)
.
There was also no difference in frequency of patients taking
aspirin or warfarin between the two groups .
Figure 2 depicts the recurrent event rates (cases1100
person-years) for the four most commonly detected trans-
esophageal findings . Ventricular aneurysm, ventricular
thrombus and myxomatous mitml valve were not included
owing to their rarity in this population. Patients with atria)
septai aneurysm had a significantly higher rate of recurrent
ischemic neurologic events (16
.9 vs . 6.21100 person-years,
p = 0.046). A higher rate of recurrent events was also
detected in patients with intemtrial shunt (14,4 vs . 6.91100
person-years, p = 0 .127), left atrial thrombus (16 .4 vs .
8 .41100 person-years, p = 0,509) and any transesuphageally
detected abnormality (11 .9 vs. 6.11100 person-years, p =
0 .159), although these were not statistically significant . No
apparent difference was present in patients with spontaneous
echocardiographic contrast .
Discussion
We hypothesized that clinically significant cardiac abnor-
malities would be detected more often in patients with
2a .
Figare2- Recurrent cerebral isoh-
ernie event rate (stroke or Iran-
sient ischenic attack) during the
fellow-up period in patients with
(sow Mrs) versus those without
topau boa) positive transesopha-
geal echocardiographic (TEE)
findings. Other abbreviations as in
Figure I.
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ischemic everts that could not be explained by significant
carotid stenosis
. The results indicate that atrial septal aneu-
rysm and interatrial shunt occur more commonly in these
patients; no difference was apparent for spontaneous
echocardiographic contrast
. Other transesophageal findings
could not be reliably analyzed in this manner because they
occurred in only a small percent of the study population .
The most important aspect of the study is the follow-up
data that document a higher rate of recurrent cerebral
ischemia in patients with transesophageal findings . Again,
the most potent relation was seen in patients with atrial
septal aneurysm or interatrial shunt who had an approxi-
mately twofold to threefold higher incidence of recurrent
events
. In addition, patients with left atrial thrombus or
"any transesophageal finding" also had a higher rate of
recurrent brain ischemia. The increased tale of recurrent
stroke in patients with positive transesophageal findings is
not explained by a higher frequency of established stroke
risk factors in this patient group (Table 2)
. In addition, only
one of the recurrent events could be explained by significant
carotid stenosis.
Although these results do not establish a direct causal
relation between transesophageal findings and stroke, they
support current reports (13,15,18-21,23,25-27) that suggest
atria[ septal aneurysm and patent foramen ovate may
represent significant sources of cardiac embolism .
Atrial septal aneurysm. Previously, atria) septal aneu-
rysms were only occasionally detected at autopsy or during
transthoracic echocardiographic studies and were thought to
be a rare cause of cardiac embolism (27,38) . Since the
introduction of transesophageal imaging, atrial septa] aneu-
rysms have been detected in up to 25% to 30% of stroke
patients, and several recent reports (25,26,31,33) have sug-
gested that this abnormality may represent a common source
for cardiac embolism. The mechanism of embolism in pa-
tients with atrial septal aneurysm is unknown ; however, it
has been hypothesized that these aneurysms may serve as a
Indus for thrombus formation (22,27) . Alternatively, the high
prevalence of associated patent foramen ovule could facili-
tate paradoxic embolization in these patients . Whether anti-
thrombotic therapy can reduce the risk of thromboembolism
in patients with atrial septal aneurysms has not been evaluated .
Stroke or TIA During
Follow-Up
Yes
to=18)
No
(a=121) pVslue'
Mean age (yr) 62 61
male 72 56
0-305
HTN (%) 67
65 0 .154
Smoking (%) 61 56 0.531
Diabetes (%) 38 35 0.607
Cardiac history (%) 44 44
1 .000
Previous Ml (%) 33 16 0.107
AspirUJwarfarin
I%1
89
86 ;.000
150% carotid stenosis 6
18 0.307
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Interatrial shunt. Several studies have noted a high prev-
alence ofinteratrial shunt (primarily patent foramen ovate) in
patients with unexplained cerebral ischemia (14,15,23,
30,31) . Paradoxic embolism is considered the most likely
mechanism for cerebral embolism in these patients (31) . Our
data support the relation between unexplained stroke and
interstitial shunt and documents an increased frequency of
recurrent stroke in this patient group . Recent studies have
suggested that the width of the fomminal opening and degree
of contrast shunting may be important factors in assessing
cardioembolic risk (31). These features were not evaluated in
our study . Randomized trials are in progress to investigate
whether specific therapies can reduce stroke risk in this
patient group.
Spontaneous echecardlographic contrast. Several studies
have clearly documented an association between intracardiac
thrombi and spontaneous echocardiographic contrast ; how.
ever, this finding has not been confirmed as an independent
risk factor for thromboembolism (16,22,24,39).
Although
validated in vivo echocardiographic criteria for spontaneous
echocardiographic contrast have not been published, our
criteria for this diagnosis were consistent with those used in
other studies (13,24,39) . Our inability to detect an increased
rate of recurrent events in patients with spontaneous
echocardiographic contrast may be related to the inadequate
power of the study ; however, other studies have suggested
that this finding may be nonspecific (39). We found a strong
relation between atria) fibrillation and spontaneous echocar-
diographic contrast.
Left atrld thrombus
. Left atrial thrombus is a well doc-
umented source of
cardiac embolism . Therefore, the high
rate
of recurrent brain ischemia found in our patients with
atria] thrombi was not unexpected. Recent studies have
clearly demonstrated that transesophageal imaging is more
sensitive than transthoracic echocardiography for detection
of left airial thrombi
(11-13,19). In our study, however, left
atria) thrombi were detected in only 3% of the patients.
Although left atrial thrombi often occurin patients with atria(
fibrillation, two
of
the four patients in this study had normal
sinus rhythm.
Study IimitatIons. The power
of this study to detect an
increased prevalence of
recurrent cerebral ischemic events
in patients with transesophageal abnormalities is limited by
the relatively small size
of the group studied and the low
incidence of several traasesophageal findings . In addition,
the study design did not allow the assessment of antithrom-
hotic therapy for stroke prevention
. Furthermore, single-
plane transesophageal imaging was used ; a biplane or om-
niplane transducer may have provided a slightly higher
diagnostic yield. Finally, as with other studies oftransesoph-
Lgeal imaging in patients with cerebral ischemia
(13,11-21),
no matched control group without brain ischemia was in-
cluded . Despite these limitations, this study is the first to
evaluate a consecutive series of patients with stroke and
therefore avoid the bias inherent in studying only patients
referred for echocardiographic evaluation . In addition, it is
the first trial to report prospective follow-up data .
Conduulens. The results of this study verify the high
yield of transesophageal imaging irv patients with stroke . The
increased rate of recurrent cerebra! ischcmic events in
patients with ttansesophageal findings ;particularly atria)
septa) aneurysm and interatrial shunt) suggests that these
abnormalities may represent a significant source of cardiac
embolism. Unfortunately, these findings are also frequently
detected in control groups, and therefore it is difficult to
establish whether a transesophageally detected lesion actu-
ally caused the ischemic event in an individual patient .
Prospective studies designed to evaluate treatment options
in patients with specific transesophageal findings are re-
qu ired to clarify the optimal management of these patients .
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